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1
, [1] [2] [3].
, ,
. ,
$\frac{dx}{dt}=X[t, x(t), x(t+\tau)]$ (1)
$l_{\mathrm{c}}^{=}\text{ }\mathrm{t}_{\sqrt}\mathrm{a}\text{ },$ $k^{1}\mathrm{f}\mathrm{l}\pi_{\nearrow \mathrm{f}\grave{\mathrm{f}\mathrm{i}}\sqrt}^{\nearrow\infty\nearrow\Phi_{J3}^{J\backslash }\text{ }\ovalbox{\tt\small REJECT}_{\exists \mathrm{i}}^{\mathrm{n}}\text{ }\iota_{arrow k^{\mathrm{Y}}t7\not\in\}}^{-}}/\cdot \text{ }\backslash f\backslash .]\pm \text{ }\mathrm{g}_{+}^{p}\sigma\supset T\mp-\gamma_{\pm}jrightarrow \text{ }\mathrm{E}\text{ }\mathrm{f}f^{\llcorner}\Delta\ovalbox{\tt\small REJECT} \text{ },$ $\mathrm{J}\mathrm{i}\ovalbox{\tt\small REJECT}_{\yen}^{\square }\text{ ^{}\backslash }(1)\not\subset)^{\sqrt}\backslash \#\backslash \cap-\pm$
$\text{ }\hslash^{7\not\supset}\not\simeq^{\zeta 7}\supset T\neq\Gamma\pm^{\mathit{4}}\mathrm{f}*\mathrm{g}_{\mathrm{j}_{\mathrm{p}}^{=}}^{-}arrow \mathrm{j}\mathrm{E}\mathfrak{M}\llcorner,$ $\text{ }\not\subset),\frac{\simeq\vec}{\mathrm{p}}[mathring]_{\mathrm{a}_{\backslash }}-\not\equiv^{-}=\mathrm{p}^{\backslash \prime}\equiv\mp l\mathrm{f}\mathrm{f}\mathrm{i}\text{ _{}\overline{\mathrm{T}\prime}}\backslash \text{ }$. $arrowarrow \text{ ^{}\backslash }\veearrow\backslash ,\grave{\mathrm{c}}\mathrm{F}^{J}\#\backslash \frac{\pm}{I\mathrm{b}}f\mathscr{F}\ovalbox{\tt\small REJECT}_{\acute{\grave{\mathrm{x}}}}\tau\backslash \text{ _{}\neq 1\#’\mathrm{X}f_{0}(u_{1},\ldots,u_{m})}’\ovalbox{\tt\small REJECT}^{\mathrm{E}}\backslash$
$\mathfrak{p}\grave{\}}\mathrm{f}\mathrm{i}_{\acute{\hat{\grave{\ }}}}^{T}\backslash \backslash \text{ ^{}\prime}u_{1},$
$\ldots,$
$u_{m}t^{r} \llcorner \text{ }\mathrm{A}\backslash -\tau\Leftrightarrow A\tau^{\pm}\prod \mathrm{p}\text{ }\omega_{1},$
$\ldots,$
$\omega_{m}\text{ _{}p\ovalbox{\tt\small REJECT}\Pi_{\mathrm{R}}\text{ }\ovalbox{\tt\small REJECT}\neq 5\text{ _{}4}^{\grave{\backslash }}\mathfrak{X})}^{p}\pm\xi_{)}\text{ },$ $f\cdot(t)=$
$f_{0}(t_{7}\ldots, t)(-\infty<t<+\infty)\mathit{0}\supset \mathrm{c}\mathrm{k}\check{\eta}f^{f}arrow\ovalbox{\tt\small REJECT}*\text{ }f\mathscr{T}\text{ }\#\mathrm{I}^{\backslash }\backslash ,$ $f(t)t\mathrm{J}f_{-\neg \text{ }\omega_{1},\ldots,\omega_{m}\text{ _{}\backslash }\text{ }^{}\pm}$




. $I,$ $II$ ,
$III$ $P$ , $\sigma_{1},$ $\sigma_{2}$ $C_{1}(t, s),$ $C_{2}(t, s)$
, (2) $dx/dt-A(t)x=0$
$([1],[2])$ .
I. $|H(t)PH^{-1}(s)|\leq C_{1}(t, \llcorner \mathrm{s})e^{-\sigma_{1}\langle t-s)}$ $(-\infty<s\leq t<+\infty)$ ,
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$\mathrm{I}\mathrm{I}$ . $|H(t)(E-P)H^{-1}(s)|\leq C_{2}(t, s)e^{-\sigma_{2}(s-t)}$ $(-\infty<t<s<+\infty)1$
$f_{-\infty}^{t}C_{1}(t, s)e^{-\sigma_{1}(t-s)}ds+f_{t}^{+\infty}C_{2}(t, s)e^{-\sigma_{2}(s-t)}ds\leq M$ $(-\infty<t<+\infty)$ .
, $|\cdot|$ . $H(t)$
$H(0)=E$ (2) , $E$
.
.
1 $A(t)$ $\omega_{1_{77}}\ldots\omega_{m}$ . $dx/dt-$
$\mathrm{A}(t)x=0$ .
$\omega_{1)}\ldots,$ $\omega_{m}$ $f(t)$ , (2) $\omega_{1},$ $\ldots,$ $\omega_{m}$
$x(t)$ ,
$x(t)= \int_{-\infty}^{+\infty}G(t, s)f(s)ds$ (3)
. ,
$G(t, s)=\{$
$H(t)PH^{-1}\acute{(}s)$ for $t\leq s$ (4)
$-H(t)(E-P)H^{-1}(s)$ for $t>s$
$H(t)$ $H(\mathrm{O})=E$ . , $E$
, $P$ . ,
$x(t)$
$||x||\leq M||f||$ . (5)
. , $M$ $-arrow$





2 $D$ $|\cdot|$ . (1)
$X(t, x_{7}y)$ $R$ $t$ $\omega_{1,7}\ldots\omega_{m}\text{ }$
, $D\mathrm{x}D$ $(x, y)$ .
(1) $R$ $\omega_{1},$ $\cdots,$ $\omega_{m}$ $x=\overline{x}(t)$ ,
$\overline{x}(t)$ ,
$| \frac{d\overline{x}(t)}{dt}-X[t, \overline{x}(t), \overline{y}(t)]|\leq r$ (6)
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. $d\overline{x}(t)/dt$ $R$ $\omega_{1},$ $\cdots,$ $\omega_{m}$
. , (a), (b), (c), ( $d\}$
$\delta$ , $\kappa<1,$ $\mu<1$ $\omega_{1,7}\ldots\omega_{m}$ $A(t)$
.
(a) (2) ,
(b) $D_{\mathit{5}}=$ { $x=$ $|x(t)-\overline{x}(t)|\leq\delta$ for $\exists t\in R$} $\subseteq D$ ,
(c) $|| \Phi(t, x, y)-A(t)||\leq\frac{\kappa}{M}$ $||\Psi(t, x, y)||\leq\mu$ $t$
$D_{\delta}\mathrm{x}D_{\delta}$ $(x, y)$ ,
(d) $\kappa+M\mu<1$ $\frac{\mathit{1}\}\prime Ir}{(1-\kappa-M\mu)}\leq\delta$ .
, $\Phi(t, x, y),$ $\Psi(t, x, y)$ $X(t, x, y)$ $x$ $y$
, $M$
, (1) $R$ $t$ $D_{\delta}$ ,
$\omega_{1},$ $\cdots,$ $\omega_{m}$ $x=x(t)$ . , $R$





$x”(t)=Z[t, x(t), x’(t))x(t+\tau), x’(t+\tau)]$ (8)
, .
$dx(t)/dt$ $=$ $x’(t)$
$dx’(t)/dt$ $=$ $Z[t, x(t), x’(t), x(t+\tau), x’(t+\tau)]$ . (9)
2 $\omega_{1},$ $\omega_{2}$ $f(t)$ , 2 $u_{1},$ $u_{2}$
$\omega_{1},$ $\omega_{2}$ $f(u)=f(u_{1}, u_{2})$ .
, 2 (9) .
$Dx(u)$ $=$ $x’(u)$
$Dx’(u)$ $=$ $Z[u, x(u), x’(u), x(u+\tau), x’(u+\tau)]$ . (10)
, $u=(u_{1}, u_{2}),$ $u+\tau=(u_{1}+\tau, u_{2}+\tau),$ $D=\partial/\partial u_{1}+\partial/\partial u_{2}$ .
$Z[u, x, x’, y, y’]$ $u=(u_{1}, u_{2})$ , $\omega_{\mathrm{J}},$ $\omega_{2}$ .
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(10) $x_{m}(u)=x_{m}(u_{1}, u_{2})$ $x_{m}’(u)=\partial x_{m}(u)/\partial u_{1}$
$+\partial x_{m}(u)/\partial u_{2}$ .
$x_{m}(u)$ $=$ $a_{0}+ \sum_{i=1}^{l}\{a_{2i-1}\sin(p(i), \nu, u)+a_{2i}\cos(p(i), \iota/, u)\}$ (11)
$x_{m}’(u)$ $=$ $a_{0}’+ \sum_{i=1}^{l}\{a_{2i-1}’\sin(p(\mathrm{i}), \nu, u)+a_{2i}’\cos(p(i), \iota’, u)\}$ (12)
$_{-_{-}\text{ }^{}rightarrow}\underline{\backslash }^{\backslash },$ $l=m(m+1),$ $(p(\mathrm{i}), \iota/, u)=p_{1}(i)\nu_{1}u_{1}+p_{2}(\mathrm{i})\nu_{2}u_{2},$ $\nu_{1}=2\pi/\omega_{1},l/_{2}=2\pi/\omega_{2}$ ,
$p(\mathrm{i})=\{(p_{1}(i), p_{2}(i)) : \mathrm{i}=1,2, \cdots\}$ . $/=\Xi f*\ovalbox{\tt\small REJECT}\backslash \circ\iota_{arrow p(i)c\mathrm{o}\text{ }\{_{\llcorner}^{\mathrm{g}}l\mathrm{X}}^{\tau},$ $p(1)=(1,0),$ $p(2)=$
$(0,1),$ $p(3)=(2,0),$ $p(4)=(1,1),$ $p(5)=(0,2),$ $p(6)=(-1,1),\cdots \text{ ^{}\backslash }\backslash \text{ }$ . $\text{ }\Leftrightarrow$
$a_{0}’=0,$ $a_{2i-1}’=-(p_{1}(i)\nu_{1}+p_{2}(i)_{l/_{2}})a_{2i},$ $a_{2i}’=(p_{1}(i)\nu_{1}+p_{2}(i)\nu_{2})a_{2i-1}\text{ ^{}\backslash ^{\mathrm{Y}}}\text{ }\xi)$ . $arrowarrowarrow-$
$-T^{\backslash }\backslash a_{0},$ $a_{2i},$
$a_{2i-1}\text{ }\alpha \text{ }\mathrm{f}\mathrm{f}\mathrm{l}^{\mathrm{a}-\tau}$
$\alpha=(a_{0}, a_{2i-1}, a_{2i};\mathrm{i}=1,2, \cdots, l)$
. $\alpha$ .
, . (11) (10) Fourier $7r\iota$
(12) $a_{0}’,$ $a_{2i-1}’,$ $a_{2i}’$
.
$F_{0}(\alpha)$ $=$ $(1/ \omega)\int_{0}^{\omega}Z_{\tau n}(u)du=0_{7}$
$F_{2i-1}(\alpha)$ $=$ 2 $(1/ \omega)\int_{0}^{\omega}Z_{m}(u)\sin(p(i), \iota/, u)du+(p_{1}(\mathrm{i})\nu_{1}+p_{2}(\mathrm{i})\iota/_{2})^{2}a_{2i-1}=0$ ,
$F_{2i}(\alpha)$ $=$ 2 $(1/ \omega)\int_{0}^{\omega}Z_{m}(u)\cos(p(\mathrm{i}\dot{)}, \nu, u)du+(p_{1}(i_{J}^{\mathrm{a}}\nu_{1}+p_{2}(\mathrm{i})\nu_{2})^{2}a_{2i}=0$
$(i=1,2, \cdots, l)$
$F_{0}(\alpha)$ $a_{0}’,$ $F_{2i-1}(\alpha)$ $a_{2i-1}’,$ $F_{2i}(\alpha)$ $a_{2i}’$ . ,
$(1/ \omega)\int_{0}^{\omega}$ $du=(1/ \omega_{1}\omega_{2})f_{0}^{\omega_{1}}\int_{0}^{\omega_{2}}du_{1}du_{2},$ $Z_{m}(u)=Z[u,$ $x_{m}(u),$ $x_{m}’(u),$ $x_{m}(u+\tau),$ $x_{m}’(u+$
$\tau)]$ . $N$
.
$F_{0}(\alpha)$ $=$ $(1/4N^{2}) \sum_{k,n=1}^{2N}Z_{m}^{kn}=0$ ,
$\ovalbox{\tt\small REJECT}_{-1}(\alpha)$ $=$ $(1/2N^{2}) \sum_{k,n=1}^{\Gamma}Z_{m}^{kn}\sin(p(\dot{l}), \iota/)ANu^{kn})+(p_{1}(\mathrm{i})\nu_{1}+p_{2}(i)\nu_{2})^{2}a_{2i-1}=0$ ,
$F_{2i}(\alpha)$ $=$ $(1/2N^{2}) \sum_{k,n=1}^{2l\backslash ^{\mathit{7}}}Z_{m}^{kn}\cos(p(i), l/, u^{kn})+(p_{1}(\mathrm{i})\nu_{1}+p_{2}(i)\nu_{2})^{2}a_{2i}=0$.
, $N=m(m+1)+1,$ $u^{kn}=(u_{1}^{k}, u_{2}^{n}),$ $u_{1}^{k}=(2k-1)\omega_{1}/4N,$ $u_{2}^{n}=(2n-1)\omega_{2}/4N$ ,
$Z_{m}^{kn}=Z[u^{kn}, x(u^{kn}), x’(u^{kn}), x(u^{kn}+\tau), x’(u^{kn}+\tau)](k, n=1,2, \cdots, 2N)$ .
$F(\alpha)=(F_{0}(\alpha), F_{2i-1}(\mathit{0}_{J}’))F_{2i}(\alpha)).\mathrm{i}=1,2,$ $\cdots,$ $l)$ (13)
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. , $F(\alpha)$ $J(\alpha)$ . $F_{0}(\alpha)$
$a_{0},$ $a_{2j},$ $a_{2j-1}(j=1,2, \cdots, l)$
$J_{0,0}(\alpha)$ ,
$J_{0,2j}(\alpha),$ $J_{0,2j-1}(\alpha)$ . $F_{2i}(\alpha)$ , $F_{2i-1}(\alpha)$ $a_{0},$ $a_{2j},$ $a_{2j-1}$
$J_{2i,0}(\alpha),$ $J_{2i,2j}(\alpha))J_{2i,2j-1}(\alpha),$ $J_{2i-1,0}(\alpha),$ $J_{2i-1,2j}(\alpha)$ ,
$J_{2i-1,2j-1}(\alpha)$ . , $i,$ $j=1,2,$ $\cdots,$ $l$ .
$J(\alpha)$ . , $\alpha$ Newton-Raphson
$\alpha$
$\alpha_{n+1}=\alpha_{n}-J^{-1}(\alpha_{0})F(\alpha_{n})$ $(n=0,1, \cdots)$ . (14)




. , Van der Pol




$z(t)=(\begin{array}{l}x(t)x,(t)\end{array})$ , $A=(\begin{array}{ll}0 1-1 2\lambda\end{array}),$ $\eta(z)=(\begin{array}{l}\mathrm{O}-2\lambda x(t)^{2}x’(t)+c.y(t)^{3}\end{array})$ ,
$\phi=(\begin{array}{llll} 0 g \mathrm{c}\mathrm{o}\mathrm{s}\nu_{1}t+ h \mathrm{c}\mathrm{o}\mathrm{s}l/_{2}t\end{array})$ .
, $y(t)=x(t+\tau)$ . , (16) $x$ $\Phi,$ $y$
.
$\Phi(t, x, y)=(\begin{array}{lll}0 1-1-4\lambda x(t)x’(t) 2\lambda -2\lambda x(t)^{2}\end{array})7$ $\Psi(t, x, y)=(\begin{array}{ll}0 03\epsilon y(t)^{2} \mathrm{O}\end{array})$ .
$\omega_{1}=2\pi/\sqrt{2},$ $\omega_{2}=2\pi/\sqrt{5},$ $\epsilon=1/32$ ,
$g=1/32,\mathrm{h}=1/32,\tau=-0.1,$ $\delta=0.05$ Table 1 .
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Table 1:
Tablel $\lambda$ $\mu<1,$ $\kappa<1,$ $\kappa+M\mu<1$
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